GAP JUNCTIONS PROVIDE A PATHWAY for intercellular communication primarily by directly interconnecting the cytoplasm of adjacent cells (3) . This pathway consists of arrays of channels, composed of proteins known as connexins. Connexin channels create a direct conduit enabling diffusion of cytoplasmic molecules, ions, and water between cells. Gap junctions thus coordinate signaling and metabolism between otherwise disconnected cells within a tissue.
A complete gap junction channel consists of two hexamers, one on each cell, docked to each other and organized into plaques ( Figure 1 ). There are two dozen human connexin genes. Different tissues express different connexins, which, in turn, produce channels with different composition, permeability, and regulation. In this way, gap junctional communication is controlled. Conversely, misregulation of intercellular communication, due to mutations that cause a loss or alteration of connexin function, has the capacity to cause human disease (3) .
Connexin 26 (Cx26) is critical for hearing; several mutations that inhibit Cx26 channel function impair cochlear potassium homeostasis and cause deafness (10) . However, Cx26 mutations are implicated in a spectrum of diseases ranging from nonsyndromic hearing loss to diseases affecting multiple organ systems. In this issue of American Journal of Physiology-Cell Physiology, Mhaske et al. (5) characterized two Cx26 mutations (D50A and A88V) associated with keratitis-ichthyosisdeafness (KID) syndrome, which is a disease that disrupts the eye and skin barriers as well as causes deafness. They found that instead of simply inhibiting channel formation, these mutations produced forms of Cx26 that formed high conductance hemichannels at the cell surface. "Gain of function" Cx26 mutations thus create channels that have more generalized toxicity than mutations that lead to nonfunctional Cx26, which, more typically, are limited to affecting cochlear function. Other KID-associated Cx26 mutations have a comparable effect on hemichannel permeability, suggesting a unifying mechanism linking this particular deafness associated mutation with skin disease (10) . In each case, KID-associated mutations in Cx26 affected conductance but had less of an effect on spontaneous open probability. In other words, the channels still required a stimulus to open, but channels containing mutant Cx26 were more permeable than wild-type Cx26. Despite comparable open probabilities, the high permeability of hemichannels composed of mutant Cx26 facilitates leakage of critical metabolites and leads to cell death.
Importantly, KID mutants of Cx26 exhibit a similar effect when transfected into normal human keratinocytes and had a dominant negative effect on wild-type Cx26 (5). Specifically, the D50A and A88V Cx26 mutations inhibited the trafficking and assembly of wild-type Cx26 into gap junctions. This property further exacerbates the pathology in cells as mutant Cx26 both impairs beneficial intercellular communication as well as induces aberrant hemichannel activity (Fig. 1) . The results of this study (5) also suggest that heteromeric hemichannels containing both mutant and wild-type Cx26 have the ability to form high conductance hemichannels, although this remains to be rigorously demonstrated. Alternatively, in cells expressing mutated Cx26, plasma membrane hemichannels may be strictly composed of mutant Cx26 and deficient in wild-type Cx26. In either case, the mutant form of Cx26 functionally dominates over wild-type Cx26. The high conductivity of these Cx26 mutants indicates that a lack of Cx26 activity is not sufficient to cause the accompanying skin disease and that other connexins have the capacity to compensate for loss of Cx26-mediated gap junctional communication in the skin of patients with inactivating mutations in Cx26 that are not associated with keratitis.
As shown in Fig. 1 , Cx26 mutations associated with KID are concentrated in the NH 2 -terminal and first transmembrane domain (TM1), although A88V is in the second transmembrane domain (TM2). Based on the high-resolution structure of Cx26, all of these domains are structural elements of the aqueous pore of the channel (4). In particular, the NH 2 -terminal domain folds into the cytoplasmic aspect of the pore to form a funnel that narrows the cytoplasmic entrance of the channel and regulates permeability by lining the channel entrance with charged ␣-helices (6). However, the structure of the NH 2 -terminal funnel also promotes formation of an open channel in addition to restricting permeability. A likely mechanism for KID mutations is to increase hemichannel permeability by affecting folding of the NH 2 -terminal domain or how it interacts with the entrance to the pore. Other pore-lining elements in TM1 and TM2 also have the potential to alter permeability by changing the charge or bulk of side chains exposed to the aqueous part of the connexin channel. By contrast, there is a lack of KID-related mutations in elements that regulate hemichannel opening, especially the extracellular loop domains. Thus hemichannel opening of both wild-type and mutant Cx26 is likely regulated in a comparable manner, despite the significant differences in channel permeability.
Although Cx26 mutants associated with KID exhibit deleterious hemichannel activity, there are several examples in which connexin hemichannels have beneficial physiological roles. For instance, connexin hemichannels can act as high conductance plasma membrane channels, most frequently by providing a pathway for stimulated ATP secretion as part of an overall purinergic receptor signaling response (9) . However, conclusive evidence for connexin hemichannels is frequently obscured by other classes of high conductance channels, including pannexins (7) and calcium homeostasis modulator (CALHM) channels (8) . Of particular relevance to hearing, regulated ATP secretion by connexin hemichannels was found to be preserved in pannexin-1-deficient mice but impaired in Cx26-or Cx30-deficient mice (2) . Although this could potentially implicate both Cx26 and Cx30 in ATP secretion, cochlear Cx26 expression is also decreased in Cx30-deficient knockout mice. When Cx26 expression is maintained, decreased Cx30, in and of itself, has no effect on hearing (1). These findings underscore a physiological role for normal Cx26 hemichannels in cochlear intercellular signaling.
In order for a large conductance plasma membrane channel to be physiologically beneficial, it needs to be tightly regulated. One mode of regulating these channels is to have a low open probability, where the channels are predominantly closed. In KID, Cx26 open probability is unchanged; however, when mutant Cx26 hemichannels do open, permeability is higher than wild-type Cx26 and causes toxic leakage of cell metabolites. Thus therapeutic approaches will have a greater chance of success by aiming to decrease hemichannel permeability as opposed to keeping these channels closed. In particular, the skin pathology of KID may be amenable to topical application of as yet undiscovered agents with the capacity to specifically attenuate mutant Cx26 hemichannels.
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